Purpose: We report results in a series of 3,477 consecutive patients treated with anatomical nerve sparing radical retropubic prostatectomy (RRP) in terms of recovery of erectile function, urinary continence and postoperative complications.
Prostate cancer is the most commonly diagnosed noncutaneous malignancy in men older than 60 years. 1 Radical prostatectomy offers the best long-term cancer control for clinically localized disease. However, the possible risk of postoperative complications has deterred some men from choosing this treatment. 2 In 1982 Walsh and Donker introduced the anatomical or nerve sparing radical retropubic prostatectomy (RRP). 3 This operation requires that the prostate be removed with controlled hemostasis, allowing visualization of the urethral sphincter and neurovascular bundles of the corpora cavernosa. Erections and urinary continence can be preserved in the majority of patients and the operative mortality rate is less than 0.5%. 2, 4 -7 Nerve sparing RRP has been performed for 2 decades, yet limited long-term potency and continence data are available in large, prospectively followed patient populations. While Walsh et al reported postoperative potency rates of 86% and continence rates of 93%, results from community series, mixed academic and community series and retrospective patient survey groups have reported a wide range of less favorable outcomes. [5] [6] [7] [8] [9] [10] [11] We previously reported our early results of urinary continence and erectile function 12 and now update them along with other postoperative complications in 3,477 consecutive RRPs.
MATERIALS AND METHODS
Patients. One surgeon (WJC) performed anatomical radical retropubic prostatectomy in 3,477 consecutive men between May 1983 and February 2003 with a previously reported technique. 13 Mean patient age at surgery was 61 Ϯ 7.4 years (range 36 to 80) and 94% (3, 268) of the patients were white. Most of the patients (2,875 or 84%) were potent to varying degrees and sought nerve sparing surgery. In these men attempts were made to preserve all or part of 1 or both neurovascular bundles unless there was intraoperative evidence of extracapsular extension of cancer beyond the prostate. Overall 95% (3,303) of the patients underwent at least a partial nerve sparing procedure to the extent that both neurovascular bundles were not widely resected. Clinical characteristics of these men are shown in table 1.
Tumor stage and grade. Clinical staging consisted of digital rectal examination, determination of serum acid phosphatase and/or prostate specific antigen (PSA), and radioisotope bone scanning with confirmatory imaging studies or bone biopsies when necessary. Many men also underwent abdominal and pelvic computerized tomography. Clinical and pathological staging was performed as previously described. 14 We classified patients as having either clinically localized disease (stage cT1 or cT2) or clinically advanced disease (stage cT3 or greater). Men whose cancer was confined to the prostate with clear surgical margins were categorized as having pathologically organ confined cancer (stage pT2 R0). Those with histologically documented extra prostatic tumor extension, cancerous surgical margins, seminal vesicle invasion or lymph node metastases were classified as having pathologically advanced disease (stage pT2 R1, pT3a/ b/c, or N1 or greater). Before 1992 the Gleason grading system was not routinely used at our institution. After 1992 Gleason grades were routinely assigned as previously described. 15 Radiation or hormonal therapy. Overall 213 patients (6%) elected to undergo adjuvant radiotherapy because of extracapsular tumor extension or positive surgical margins. These patients were excluded from the potency analysis. Following disease recurrence (PSA greater than 0.2 ng/ml) 306 patients (9%) received radiation therapy to the pelvis, including 125 (3.5%) who subsequently also received hormonal therapy. Additionally 121 patients (3%) received hormonal therapy for tumor progression. Men were excluded from the potency analysis if radiation or hormonal therapy was given within 18 months of surgery. Inclusion and exclusion criteria in the potency analysis are shown in the figure.
Followup database. Our followup schedule included PSA measurements at 6-month intervals and a yearly digital rectal examination. Outcomes regarding urinary and sexual function were evaluated with an annual questionnaire on current urinary and sexual function that was completed by patients during a followup visit or at their home, and was assessed by a research assistant. A research assistant contacted patients who did not comply with this schedule. To estimate potency rates we evaluated erectile function with or without the use of phosphodiesterase type 5 inhibitors in patients with at least 18 months of followup for whom erections were sufficient for penetration preoperatively, who underwent nerve sparing surgery and did not receive radiation or hormonal therapy within 18 months of surgery (1, 834) . We evaluated the return of urinary continence in patients who were followed for a minimum of 18 months (2,737). We considered men continent if they did not require pads or other protection to keep outer garments dry. Mean followup from surgery was 65.0 Ϯ 50.1 months. Ten-year followup was available for 586 (17%) patients and 53 (2%) were lost to followup.
Statistical analysis. The chi-square test was used to compare the erectile status of men by nerve sparing procedure, clinical stage and pathological stage. We used the chi-square test for trend to compare return of erections by age, preoperative PSA, Gleason grade, surgeon experience based on number of prior RRPs performed and PSA era (pre-PSA screening era [1983 to 1991] versus PSA screening era [1992 to 2003]). We used Student's t test to compare differences in age by era. A multivariate logistic model was used to analyze return of erections and continence based on significant parameters from the univariate analysis (p Ͻ0.05). Patients with postoperative complications were analyzed with the chisquare test.
RESULTS

Patient characteristics.
Men in the PSA era were younger (mean age 61 versus 65 years, p Ͻ0.0001), more likely to have a PSA less than 10 ng/ml (84% versus 65%, p Ͻ0.0001) and more frequently clinical stage T1C (62% versus 6%, p Ͻ0.0001, table 2).
Return of erections after radical retropubic prostatectomy.
Return of erections was more likely in men who had bilateral versus unilateral nerve sparing surgery (76% versus 53%, p Ͻ0.0001, table 3). Younger age was significantly associated with return of erections overall (92% of men age 40 to 49, 85% of men 50 to 59, 70% of men 60 to 69 and 51% of men 70 or older, p Ͻ0.0001). Return of potency comparing unilateral and bilateral nerve sparing is shown in table 3. Combining patients who had unilateral or bilateral nerve sparing surgery, return of erections was associated with PSA era (63% in pre-PSA era versus 78% in PSA era, p ϭ 0.001) but not associated with clinical stage (66% of men with stage cT1a/b, 78% with stage cT1c and 73% with stage cT2/3, p ϭ 0.3) or pathological stage (76% of men with stage pT2 R0, 73% with stage pT2 R1 or pT3a/b and 73% with stage pT3c or N1 tumors, p ϭ 0.3). A trend between return of erections and preoperative PSA was not evident (76% for men with PSA less than 2.6 ng/ml, 80% with PSA 2.6 to 4.0, 77% with PSA 4.1 to 9.9 and 72% with PSA 10.0 or more ng/ml, p ϭ 0.2). The proportion of men with return of erections also increased with the number of prior prostatectomies performed by the surgeon (68% for the first 1,000 and 78% for RRPs 1,001 to 3,000, p Ͻ0.0001).
The type of nerve sparing surgery, age, number of prior prostatectomies performed by the surgeon, and era were all associated with return of erections (p Ͻ0.05) (in the univariate analysis) and, therefore, were included in the multivariate logistic analysis. Age at surgery by decade of life (odds ratio 1.1, CI 1.0 -1.1), bilateral nerve sparing surgery compared to unilateral sparing surgery (OR 2.1, CI 1.2-3.6), and PSA era (OR 1.5, CI 1.1-2.0) were all significant predictors of postoperative potency in the multivariate analysis.
Return of urinary continence. We evaluated return of continence in 2,737 men followed for more than 18 months after radical prostatectomy. Overall 93% of men (2,543 of 2,737) recovered urinary continence. Seven patients (0.3%) underwent placement of an artificial urinary sphincter because of severe stress incontinence. The proportion of those who recovered continence was generally higher in younger than in older men (95% for men age 40 to 49, 96% for men 50 to 59, 93% for men 60 to 69 and 86% of men 70 or older, p ϭ 0.001, table 4). Recovery of continence was not significantly associated with the performance of nerve sparing surgery (p ϭ 0.3), Gleason grade (p ϭ 0.05), surgeon experience (p ϭ 0.1), era (p ϭ 0.05), PSA (p ϭ 0.1) and postoperative radiotherapy (p ϭ 0.2). The rates for return of continence stratified by age are shown in table 4 for all patients. In the multivariate analysis 
1).
Other postoperative complications. Excluding impotence and urinary incontinence, postoperative complications occurred in 9% of patients (320 of 3,477). The occurrence of any complication was associated with type of surgery (9% for nerve sparing versus 17% for nonnerve sparing, p ϭ 0.001), age at surgery (4% for men age 40 to 49, 7% for men 50 to 59, 9% for men 60 to 69 and 14% for men 70 or older, p Ͻ0.0001) and PSA era (17% for pre-PSA era versus 7% for PSA era, p Ͻ0.0001). Complication rate was not significantly correlated with clinical stage (20% for cT1a/b, 7% for cT1c, 10% for cT2 and 14% for cT3 or greater, p ϭ 0.3), preoperative PSA (8% for PSA less than 10.0 ng/ml versus 11% for PSA 10.0 ng/ml or greater, p ϭ 0.06), pathological stage (9% for pT2 R0 versus 9% for pT2 R1/pT3/N1, p ϭ 0.7) and Gleason grade (p ϭ 0.2).
The specific complications are shown in table 5. Anastomotic stricture was the most common (2.7%), followed in frequency by inguinal hernia (2.5%) and thromboembolism (1.3%). All other complications occurred in fewer than 1% of patients. There was no perioperative mortality. Overall the complication rate decreased significantly by era (16.9% vs 7.4%). Most notably, the anastomotic stricture rate decreased from 8% to 1.5% and thromboembolic complications decreased from 3% to 1%. The rates of other complications were comparable between eras.
Inclusion and exclusion criteria in potency analysis POTENCY AND CONTINENCE OUTCOMES AFTER ANATOMICAL RADICAL RETROPUBIC PROSTATECTOMY 2229 DISCUSSION This study represents a followup to our continuing study 12 evaluating a large cohort of patients undergoing anatomical RRP during the last 2 decades with an emphasis on potency, continence and postoperative complications. Our results confirm the favorable earlier results in this series.
Preserving potency after RRP is a primary concern of most men undergoing this operation. Bilateral nerve sparing RRP results in a higher potency rate (76%) than unilateral or partial bilateral nerve sparing surgery (53%). Multivariate analysis demonstrated that a man who underwent bilateral nerve sparing was 2.1 times more likely to regain potency than a man in whom only 1 nerve was preserved. Walsh et al reported an overall potency rate of 86% at 18 months following surgery. 8 However, the median age of their patients (57 years old) was younger than ours. 8 Stanford et al reported on a multicenter study of a large community based cohort of patients and found 44%, 41% and 35% of men regained potency after bilateral, unilateral and nonnerve sparing techniques, respectively. 16 Age also had an important role in regaining potency since there was a significant decrease in regaining potency with increasing age. For example a man in his 40s who underwent a bilateral nerve sparing procedure was almost twice as likely to maintain potency than a man in his 70s in the univariate analysis. This trend was also observed in patients who underwent the unilateral nerve sparing procedure. Multivariate analysis also demonstrated a significant increase in potency rates relating to younger age at surgery. This association has been noted by others, 8, 17 confirming that age at surgery is clearly a major (and perhaps the most important) factor in regaining potency.
Potency results improved with surgeon experience in our series. Overall recovery of potency occurred in 68% of the first 1,000 prostatectomies and increased to 78% of the most recent 2,000 RRPs (p Ͻ0.001). This latter number may increase with time since erectile function after RRP does improve in some men beyond 18 months. Improvement of potency in the recent era may be a function of modifications in surgical techniques, surgeon experience, more favorable patient selection by earlier diagnosis through PSA screening and the availability of phosphodiesterase type 5 inhibitors to improve erections.
Preoperative clinical staging did not show a clear association with regaining potency, which is consistent with other published data. 16 In addition, preoperative PSA was not significantly associated with return of erections, suggesting that neither factor is an accurate measure of predicting return of potency.
Urinary continence is another major concern after RRP. While definitions of continence have varied, we defined it as not needing protection to keep outer garments dry. Overall 93% of men followed for more than 18 months recovered urinary continence. As in our previous reports younger age was significantly associated with return of continence since 95% of men in their 40s recovered continence compared to 85% of men in their 70s. Stanford et al reported that 32% of men at 24 months had total urinary control and 40% had occasional leakage. 16 However, 58% of men in their study used no pads and only 8% of men described incontinence as a big problem. 16 Maffezzini et al reported that 89% of their patients were continent with a median followup of 29 months using a bladder neck sparing technique. 18 Walsh et al reported that 93% of patients were dry at 12 and 18 months after surgery using a definition similar to that of the current study. 8 Recovery of continence was not associated with performance of nerve sparing surgery, Gleason grade, surgeon experience, PSA era, preoperative PSA or postoperative radiation therapy. Most men (95%) in this series underwent at least partial nerve sparing prostatectomy. It is possible that there were not enough patients in the nonnerve sparing group to detect a statistically significant difference between those whose nerves were salvaged and those whose nerves were sacrificed. However, we believe the most important surgical factor in maintaining the urinary continence mechanism is a meticulous dissection at the prostatic apex in an operative field with good hemostasis and avoidance of injury to the external urinary sphincter.
Other complications occurred in 9% of men. Overall complications decreased with surgeon experience. Specific complications categorized by era are listed in table 5. Men who underwent nonnerve sparing surgery were twice as likely to suffer a complication as those whose cavernosal nerves were preserved (16% vs 7%). Increasing age and pre-PSA era were also associated with increased complication rates. Anastomotic stricture was the most commonly noted complication occurring in 2.7% of patients overall. While the incidence of most complications has remained low and fairly constant by era, rates of anastomotic strictures and thromboembolism have decreased considerably. In the previous era anastomotic stricture rates as high as 8% were noted when the bladder neck was closed tightly around an 18Fr catheter. By closing the bladder neck to 22 to 24Fr we decreased the incidence of bladder neck contractures in the more recent era. Incisional and inguinal hernias occurred in 2% of patients. Other complications such as infections and clinically significant lymphoceles were rare. Our results are similar to data published in other large series 19, 20 indicating that RRP can be performed by experienced surgeons with minimal morbidity.
Several limitations of our study deserve mention. We did not use validated instruments to assess potency and continence outcomes after surgery and, in many cases, the surgeon was the primary data gatherer. However, Walsh et al reported that the patient interview could yield results similar to those of a validated questionnaire regarding sexual function after radical prostatectomy. 8 We recognize this is no longer considered the optimal method for evaluating surgical outcomes and all data are now gathered by a research assistant.
CONCLUSIONS
The objective of RRP is to achieve high cancer cure rates while minimizing surgical morbidity. This study represents the largest contemporary series of men undergoing RRP to our knowledge, and shows that RRP can be safely performed with low perioperative morbidity. Potency and continence can be maintained in most patients with careful intraoperative attention to anatomical detail.
